Biogas upgrading to natural gas quality is essential for the efficient use of biogas in various 13 applications. Carbon dioxide (CO 2 ) which constitutes a major part of the biogas is generally removed 14 by physicochemical methods. However, most of the methods are expensive and often present 15 environmental challenges. In this study, an innovative microbial electrolytic system was developed to 16 capture, separate and regenerate CO 2 for biogas upgrading without external supply of chemicals, and 17 potentially to treat wastewater. The new system was operated at varied biogas flow rates and external 18 applied voltages. CO 2 was effectively separated from the raw biogas and the CH 4 content in the outlet 19 reached as high as 97.0±0.2% at the external voltage of 1.2 V and gas flow rate of 19.6 mL/h.
issues associated with the transportation and storage of chemicals may affect the application of the 48 technology. 49 In the past years, microbial electrochemical technologies (METs) have gained increasing attention 50 as potentially sustainable approaches for the production of electricity, biofuels or chemicals, and water 51 treatment with low energy investment. 9, 10 Recently, one of METs, namely microbial electrolysis 5 exchange membranes. 12, 13 In our system, inlet CO 2 from the biogas is initially captured as HCO 3 and 76 CO 3 2by the alkali solution produced in the cathode (Equation 1 and 2). Because of the potential 77 difference between the middle and cathode chambers, HCO 3 and CO 3 2subsequently transport through 78 AEM to the regeneration chamber where they combine with H + to form CO 2 again (Equation 3 and 4). 79 Therefore, through such process biogas upgrading, CO 2 recovery, wastewater treatment and H 2 80 production could be achieved simultaneously. The aim of the present study is to demonstrate the 81 feasibility of such novel technology by varying the biogas flow rates as well as the external voltages.
82
The system performance was evaluated in terms of the current output, chemical oxygen demand (COD) 83 removal efficiency, quality of the outlet gas and energy input. This work is among the first attempts to 84 provide proof of concept for a new and value-added microbial electrochemical platform technology for 85 biogas upgrading.
at the same gas flow rate of the raw biogas to enhance the mixing and increase CO 2 absorption. A 121 control experiment without external applied voltage was also operated in the batch mode at 19.6 mL/h 122 gas flow rate. In the continuous mode, the medium in the anodic recirculation bottle was renewed when 123 the current density decreased below 0.8 A/m 2 while the solution in the regeneration and cathode was 124 not refilled throughout the whole period. The reactor was operated for 40 days with 19.6 mL/h gas flow reacted with alkaline leading to a higher CO 2 removal from biogas. For example, the CO 2 concentration 196 was blow 8% during the whole period and even to 0.5±0.2% while the highest CH 4 content could be 197 97.0±1.3%. Therefore, the microbial electrolytic reactor was an efficient approach for biogas upgrading. reached the maximum of 2404±50 mg/L followed by a slightly decrease in the regeneration chamber.
210
In the cathode, the Clconcentration decreased to 1040±40 mg/L to compensate the flux of electron which was consistent with the slightly lower conductivity (4.69±0.17 mS/cm) on the first day. pH and conductivity profiles, and outlet gas composition during the experiment is shown in Figure 4 .
226
Under different gas flow rates, the current density showed similar trend along with the operation 227 time (Fig. 4a) . The current density fluctuated around 1.6 A/m 2 and significantly dropped below 0.8 228 A/m 2 after the fourth day due to the substrate consumption and high polarization resistance of the BPM.
229
The current output was mainly influenced by the microorganism community and the substrate 230 concentration. However, with 13.4 mL/h gas flow rate, the reactor produced relatively lower current 231 densities. Since gas introduction to the catholyte might function as mixing and enhance the mass 232 transfer. Relatively low gas flow rate and recirculation rate resulted in small disturbances and slow 233 mass transfer which was adverse to the cathodic hydrogen evolution. 
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